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Abstract Phytoplankton pigment signatures from a
cruise in 2005 are herein presented and used as a chemo-
taxonomic tool for phytoplankton diversity in the Sval-
bard marine archipelago. Studies from these waters have
until recently reported only a few groups of phytoplank-
ton, and while this paper is the Wrst to show that the diver-
sity around Svalbard includes all major phytoplankton
pigment groups, the results are seen in relation to other
similar studies from the Arctic. We present two poten-
tially important marker pigments: prasinoxanthin, origi-
nating from prasinophytes, and gyroxanthin-diester,
possibly originating from the temperate- and bloom-form-
ing coccolithophore Emiliania huxleyi. Pigment identiW-
cation by HPLC revealed a signiWcant amount of
Chlorophyll b-containing chlorophyceae, euglenophyceae
and prasinophyceae. Prasinoxanthin was present at 50%
of the examined stations, typically at Chl a maximum
(15–25 m depth), in both Atlantic and Arctic water
masses. Gyroxanthin-diester, in contrast to prasinoxan-
thin, was found only in Atlantic water masses and at low
concentrations. Our data may be important for the identiW-
cation and veriWcation of remotely sensed images of
diVerent pigment groups of phytoplankton and their
corresponding biomass, typically estimated from Chl a.
Remotely sensed presence of coccoliths, indicating
E. huxleyi at sea surface, is discussed in relation to water
masses and pigment signatures at sea surface and Chl a
maximum depths.
Keywords Arctic · Phytoplankton pigment-taxonomy · 
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Introduction
The Barents Sea and water masses around the Svalbard
archipelago are situated on a shelf with an average depth
of about 230 m, an area of about 1.4 million km2 and a
water volume of about 322 thousand km3. During winter,
the sea is largely covered by an annual ice sheet, of which
a major part is Wrst-year ice (Sakshaug and Kovacs 2009).
The Barents Sea consists mainly of two water masses,
Atlantic water (AW) characterized by temperature >3°C
and salinity >34.90 and Arctic water (ArW) characterized
by temperature <0°C and salinity between 34.3 and 34.8
(Ingvaldsen and Loeng 2009). Until 10 years ago, the
common perception was that the phytoplankton classes
Bacillariophyceae (diatoms), Coccolithophycae (previ-
ously known as prymnesiophytes, Silva et al. 2007) and
Dinophyceae (dinoXagellates) dominated the waters
around Svalbard. In contrast, recent studies in the western
Canadian Arctic showed that a high fraction of the phyto-
plankton biomass consisted of picoeukaryotes (2–3 mm
cell size) and was dominated by small prasinophytes
(Booth and Horner 1997; Booth and Smith 1997; Lovejoy
et al. 2007). It is worthwhile to note that Throndsen and
Kristiansen (1991), using dilution culture assays, found
that the prasinophyte Micromonas pusilla (Butcher,
Manton et Parke) was numerically abundant in European
Arctic waters (Barents Sea, Greenland Sea and Svalbard
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628 Polar Biol (2011) 34:627–635region), later conWrmed by Not et al. (2005) and Lovejoy
et al. (2007). Hence, re-examination of phytoplankton
diversity is in order.
Marine phytoplankton have a large variety of light-har-
vesting and photoprotective carotenoids (JeVrey et al.
1997). Light-harvesting pigments (LHP) comprise chloro-
phylls (Chl); Chl a, Chl b, Chl c1, c2 and c3; phycobilipro-
teins and all carotenoids that do not have a photoprotective
role. Photoprotective carotenoids (PPC) include diadino-
xanthin, diatoxanthin and zeaxanthin (Rodríguez et al.
2006). The diVerent phytoplankton classes can be divided
into three major pigment taxa based on 13 diVerent pigment
groups (PG): These major pigment taxa are the Chl c-con-
taining chromophytes represented in PG 1–5 and 10–12,
the Chl b-containing chlorophytes represented in PG 6–9
and lastly, the cyanobacteria in PG 13 (Table 1, Johnsen
and Sakshaug 2007). The combined use of diVerent pig-
ment-speciWc taxonomical markers, for example Chl b and
prasinoxanthin, can be used to identify diVerent pigment
groups in a given class (such as prasinoxanthin-containing
prasinophytes), discriminating them from other chloro-
phytes (JeVrey et al. 1997; Johnsen and Sakshaug 2007).
The objective in this study was to investigate pigment
diversity and diVerences in the phytoplankton composition
between the Atlantic water and the Arctic water masses sur-
rounding the Svalbard archipelago.
We present group-speciWc pigment markers indicating
phytoplankton groups that might have been overlooked or
lost during sampling using traditional sampling methods
like phytoplankton nets, detection methods as light micros-
copy (LM) and the use of formalin and lugol-based Wxa-
tives with the corresponding decay of small and fragile
Xagellates.
Materials and methods
Field work was carried out from the 21st to the 28th of
August 2005 from the research vessel Jan Mayen in the
coastal waters west and north of Svalbard. Water samples
(2–9 replicates for each depth) were collected from sea sur-
face and the depth of the Chl a maximum at 12 stations
(Fig. 1). An in situ Chl a Xuorescence detector (Seapoint
chlorophyll Xuorometer) attached to a CTD rig (Seabird
911 Plus) was used to identify the depth of the Chl
a maximum, from which samples were taken with Niskin
water sample bottles (5 l). Surface samples were taken
using a plastic bucket (10 l) from the same location as the
CTD was lowered. Samples were collected for (1) micro-
scopic examination of phytoplankton cells, (2) Chl
a concentration, determined on-board, and (3) full pigment
analysis by high performance liquid chromatography
(HPLC) carried out in the laboratory after return from the
cruise. For light microscopy (LM), the water samples
(100 ml) were preserved in Lugol (0.15 ml) and stored in a
refrigerator at 4°C. Samples were later examined using
a Leica DMIRB/E Das epiXuorescence microscope with a
Sony DFW-£700 colour digital camera attached, in order
to verify major phytoplankton classes and genera.
For on-board Chl a determination and HPLC pigment
analysis, seawater was Wltered with a Gelman Wltering unit
on glass Wbre Wlters (Whatman GF/F, 2.5 cm diameter, 0.7-m
eVective pore size). This was done in dim light to avoid
pigment degradation. Immediately after collection at sea,
Wlters were extracted in 5 ml methanol (100%), mechani-
cally crushed with a glass rod for optimal extraction
eYciency and stored in the dark for 24 h at 4°C to avoid
pigment degradation. The extracts were then reWltered and
Table 1 Major bloom-forming 
phytoplankton pigment groups 
in the North Atlantic and their 
speciWc pigment markers 





Pigment markers Phytoplankton 
sub groups
Bacillariophyceae 1a Fucoxanthin, Chl c1 + c2 Chromophytes
Dinophyceae I 2 Peridinin, Chl c2
Dinophyceae II 3 Acyl-oxy-fucoxanthins, gyroxanthin-diester, Chl c3
Coccolithophycae 4 Acyl-oxy-fucoxanthins, Chl c3
Pavlovophyceae 5a Fucoxanthin, Chl c1 + c2
Prasinophyceae I 6 Prasinoxanthin, Mg 3,8 divinyl-phaeoporphyrin 
a5 monomethyl ester, Chl b
Chlorophytes
Prasinophyceae II 7 Lutein, Chl b
Euglenophyceae 8 Neoxanthin, Chl b
Chlorophyceae 9 Lutein, Chl b
Chrysophyceae 10a Fucoxanthin, Chl c1 + c2 Chromophytes
Raphidophyceae 11 Violaxanthin, Chl c1+c2
Cryptophyceae 12 Phycobiliprotein, alloxanthin, Chl c2
Cyanophyceae 13 Phycobiliproteins, zeaxanthin Cyanobacteria
a Pigment group 1, 5 and 10 
have the same pigment composi-
tion, but they diVer in the frac-
tion of light absorbed by PSII123
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1 cm glass cuvette. The Chl a concentration was calculated
according to the equation provided by Mackinney (1941).
For HPLC pigment analysis, the seawater sample vol-
ume ranged from 1 to 2 l, depending on phytoplankton
abundance. Filters were wrapped in aluminium foil and
stored in a dry shipper Wlled with liquid nitrogen (¡196°C)
for transportation and later transferred to a biological
freezer (¡80°C), where the HPLC Wlters were stored for
6 months prior to extraction. For HPLC analysis, 1.5 ml of
4°C methanol was added to the frozen Wlters in glass test
tubes, shaken for 10 s in a vortex mixer and then left to
extract in a dark 4°C refrigerator for 24 h. Subsequently,
the extracts were reWltered into 2-ml dark-coloured HPLC
glass vials through a 2-ml syringe with a GHP Acrodisc
13-mm membrane Wlter with 0.2-m pore size. Pigments
were analysed by a Hewlett Packard 1100 Series HPLC
system equipped with a quaternary pump system, injector,
auto sampler, Waters Symmetry C8 column (150 £ 4.6
mm, 3.5 m particle size) and a diode array absorbance
detector (400–700 nm) connected to a PC. The auto sam-
pler drew 77 l from each sample vial and 23 l water,
which was mixed automatically 5 times before injection.
The water was added to increase the polarity in order to
improve the separation of Chl c’s. In the mobile phase, sol-
vent 1 was a mixture of methanol:acetonitrile:aqueous pyri-
dine (0.25 M pyridine) in the ratio 50: 25: 25 (vol·vol¡1),
solvent 2 was acetonitrile:acetone in the ratio 80: 20
(vol·vol¡1) and solvent 3 (methanol) was used for cleaning
the system before and after the analysis. Analytic separation
was performed using the method of Zapata et al. (2000).
Following HPLC analyses, the replicates from each
depth were averaged and the mean value was used for fur-
ther calculations of the diVerent pigment concentrations.
The number of replicates used for calculating the mean of
g/ l¡1 pigments ranged from 2 to 9 between and within
stations, using the number of replicates containing a spe-
ciWc pigment. The standard deviation (SD) and § coeY-
cient of variation (CV%) were calculated, and SD and CV
% are presented as mean values of all the stations together.
The detected pigment signatures were compared with
conWrmed pigment standards isolated and kept at TBS
(Trondheim Biological Station). The phytoplankton groups
were classiWed according to Johnsen and Sakshaug (2007,
Table 1).
Results and discussion
The CTD proWles at the 12 stations indicated in Fig. 1 show
that the two major water masses in the survey area were of
AW and ArW origin. Stations 1–4 and 10–12 all had a tem-
perature that corresponded to dominance of AW (Fig. 2a),
while the temperature at stations 5–9 corresponded to dom-
inance of ArW (Fig. 2b). The polar front was situated
between stations 9 and 10 (Fig. 1). The salinity in the sur-
face layers was lower than the characteristics of both AW
and ArW, except for stations 10–12. The lowered salinity
Fig. 1 Map of the Svalbard 
archipelago with the SST (sea 
surface temperature) and the 12 
water sampling stations. Stations 
1–4 and 10–12 correspond to 
AW and stations 5–9 correspond 
to ArW as deWned by Ingvaldsen 
and Loeng (2009). Mean SST of 
August 2005. Data courtesy of 
Feldman GC, McClain CR, 
Ocean Color Web, MODIS, 
NASA Goddard Space Flight 
Center. Eds. Kuring N, Bailey 
















630 Polar Biol (2011) 34:627–635indicated an inXuence from local water masses due to fresh
water run-oV from land or, most likely, sea ice melting.
Chl a measurements were only available for stations 1–7
and showed concentrations from 0.27 to 2.18 mg m¡3, indi-
cating an overall low biomass.
The following section (chemotaxonomy) presents the
pigment groups (PG, numbered 1–13 in Johnsen and
Sakshaug 2007) found in the water masses surrounding the
Svalbard archipelago (Table 1, 2; Figs. 1, 2, 3, 4, 5). In the
next section (gyroxanthin-diester as a potential pigment
marker), we discuss the existence of gyroxanthin-diester in
E. huxleyi and the possibility that this pigment is a marker
for E. huxleyi in Arctic waters.
The third section (pigment ratios in chlorophytes and
chromophytes) describes the distribution of major pigment
groups of phytoplankton divided into chlorophytes (PG 6–9)
and chromophytes (PG 1–5 and 10–12). The diVerence
between light-harvesting pigments relative to Chl a is also
discussed.
Chemotaxonomy
The pigment distribution from the 12 stations showed a
more diverse pigment group composition in AW than ArW
(Table 2). Pigments from PG 1 (diatoms) were found at all
stations. However, the chrysophytes (PG 10) and the pav-
lovophyceae (PG 5) have the same pigment signature as
diatoms (PG 1) and would therefore contribute to the total
concentration ([concentration]) of Chl c1 + c2 and fucoxan-
thin. LM analyses also revealed that diatoms (PG 1) were
present at all stations. Living cells from AW station 3, and
ArW stations 5, 6 and 7 were examined in LM on the
research vessel before Wxation was carried out. Thirty-nine
diVerent diatom species, 22 diVerent species of dinophy-
ceae and three species of chrysophyceae were identiWed.
Skeletonema costatum and pennate diatoms dominated sta-
tion at 3, whereas stations 5, 6 and 7 were dominated by
Dinobryum balticum and Chaetoceros ssp. (pers. comm.
von Quillfeldt). S. costatum is known as a biological
marker for warm Atlantic water (temperate species). The
identiWcation of this species in the surface at station 1 (LM)
and station 3 indicates recent inXux of AW from the West
Spitsbergen Current (WSC) into Isfjorden. The Wnding of
S. costatum in western parts of Spitsbergen is not unique; in
2005, several biological indications of inXux of warm
saline AW were registered in Isfjorden in addition to
S. costatum, including the presence of the blue mussel (Myti-
lus edulis), mass occurrence of Atlantic cod (Gadus morhua)
and Atlantic salmon (Salmo salar, Berge et al. 2005).
PG 2 (Dinophyceae I), with the marker pigment peridi-
nin (0.12–0.62 g l¡1), was found at all the stations inXu-
enced by AW but only at two stations (8–9) inXuenced by
ArW.
PG 3 (Dinophyceae II) and PG 4 (Coccolithophyceae),
both containing Chl c3 and acyl-oxy-fucoxanthins, were
found at stations inXuenced by AW. Gyroxanthin-diester
(0.04–0.05 g l¡1) and Chl c3 (0.3–0.5 g l¡1), belonging
to PG 3, were detected in AW at stations 11 and 12 and had
the same HPLC absorption characteristics as the gyroxan-
thin-diester standard isolated from the source organism
Karlodinium veneWcum (aka Gymnodinium galatheanum,
Johnsen and Sakshaug 1993, Fig. 3a,b and d). Images from
LM of preserved cells from the Chl a max depths revealed
diatoms only, which is in accordance with Quillfeldt (1997)
who stated that marine environments as far north as stations
1–12 are mainly dominated by diatoms when investigated
with this method. Also in the surface samples, LM showed
diatoms only for all stations except for station 11 and 12
with coccoliths indicating the presence of E. huxleyi.
PG 6 (Prasinophyceae I) with the marker pigment pra-
sinoxanthin (0.10–0.47 g l¡1) was detected from both AW
and ArW stations. This pigment showed the same HPLC
absorption characteristics as the prasinoxanthin standard
Fig. 2 CTD proWle from station 10 a showing AW and station 9
b showing ArW. The two stations represent the border between AW
and ArW on the northwest coast of Spitsbergen123
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(Fig. 4a–b). Prasinophytes belonging to PG 6 are believed
to be dominated by M. pusilla in our survey area, and they
have been observed as the most abundant phototroph, based
on epiXuorescence analysis, in the Arctic Ocean (Chukchi
Sea to Makarov Basin, Booth and Horner 1997). This spe-
cies has also been reported as the dominant phytoplankton
in Norwegian Arctic seas in late summer (Not et al. 2005).
Recent studies by Lovejoy et al. (2007) have shown that
Micromonas sp. is abundant in the Arctic basin and that it
diVers in genotype from Micromonas elsewhere in the
world oceans, indicating that Micromonas has a pan-Arctic
distribution.
From the chlorophyte Chl b-containing division, PG 6 was
identiWed along with PG 8 (Euglenophyceae) through its
marker pigment neoxanthin (0.06–0.21 g l¡1). The presence
of PG 7 (Prasinophyceae) and 9 (Chlorophyceae) cannot be
excluded, but lutein (marker for PG 7 and 9) was not identi-
Wed in the samples. Thus, the Chl b-containing chlorophytes
were represented by at least two of the four pigment groups
(PG 6–9, Table 1). From the chromophytes, pigments repre-
sentative of PG 2–4, 11–12 and the pigment signatures corre-
sponding to PG 1, 5 and 10 were found. Since PG 1, 5 and 10
all have the same pigment composition (Table 1), they can
only be separated by the fraction of light absorbed by PSII
using in vivo absorption and Xuorescence excitation spectra
(see Johnsen and Sakshaug 2007).
Samples from AW stations 1, 4 and 6 displayed higher
concentration of Chl b than Chl c (c1,c2 and c3) at surface
(Fig. 5a) and at Chl a maximum depth (Fig. 5b). The rest of
the stations had higher concentrations of Chl c than Chl
b. This shows that there are signiWcant amounts of cells
other than diatoms in the waters surrounding the Svalbard
archipelago, with the highest in the Atlantic water.
Violaxanthin (0.03–0.09 g l¡1), Chl c1 and Chl c2
representing PG 11 (Raphidophyceae) were detected at
stations 1, 10 and 11, indicating the presence of Raphido-
phyceae in the AW. Alloxanthin and Chl c2 were also
detected, indicating the presence of PG 12 (Cryptophyceae)
in AW. Also, zeaxanthin was detected representing PG 13
(Cyanophyceae) in AW at Chl a max.
AW had the most diverse pigment group composition
with pigment markers from all the 13 pigment groups
described in Johnsen and Sakshaug (2007, Table 2). ArW
had pigment markers from 7 of the pigment groups
(Table 2). The diVerence in diversity was most likely due to
the diVerent origins of ArW and AW, with temperate spe-
cies being transported with the North Atlantic current, and
Table 2 Pigments detected in AW and ArW in per cent of total observations at surface and Chl a max
Observed pigments Atlantic Water 7 Stations Arctic Water 5 Stations
Surface (% Observations 
of a total of 4)
Chl a max (% Observations 
of a total of 7)
Surface (% Observations 
of a total of 3)
Chl a max (% Observations 
of a total of 6)
Chl a 100 100 100 100
Chl a-like – 43 – 33
Chlorophyllide a – 14 – –
Pheophorbide a – 14 – 20
Chl b 100 100 33 33
Chl c1 – 43 – 17
Chl c2 100 100 100 100
Chl c3 75 100 – 67
Fucoxanthin 100 100 100 100
Fucoderivate 50 43 – 17
Hex-fuco – 43 – 17
But-fuco – 71 – 33
Peridinin 75 100 – 50
Prasinoxanthin – 57 – 33
Neoxanthin – 43 – –
Gyroxanthin – 29 – –
Violaxanthin – 43 – –
Diadinoxanthin 100 71 67 100
Diatoxanthin – 57 – 17
Zeaxanthin – 14 – –
Alloxanthin – 14 – –123
632 Polar Biol (2011) 34:627–635cold-loving species coming southwards with the Arctic
water.
Gyroxanthin-diester as a potential pigment marker
Gyroxanthin-diester has been used as a harmful algal
bloom marker pigment for the dinoXagellate genera
Karlodinium and Karenia (Bjørnland and Tangen 1979;
Fiksdahl 1983; Johnsen and Sakshaug 1993; Millie et al.
1995, 1997; Bjørnland et al. 2000, 2003; Örnólfsdóttir et al.
2003). Karenia and Karlodinium have preferences for high
temperatures and brackish water (Johnsen et al. 1997) and
are thus unlikely the source of the gyroxanthin-diester and
Chl c3 detected in this survey. Recent studies have revealed
that gyroxanthin-diester may have a broader distribution
than just pigment group 3 (Dinophyceae II, Garcés et al.
2006). Gyroxanthin-diester-like pigments have occurred in
samples from four haptophytes, E. huxleyi, Chrysochromu-
lina leadbeateri, C. hirta and Imantonia rotunda, and two
pelagophytes, Pelagococcus subviridis and Aureococcus
anophageVerens (Zapata 2005). It is unlikely that the gyro-
xanthin-diester detected in our Weld samples originated
from the two pelagophytes, because A. anophageVerens has
not yet been detected in our study area or in the water
masses surrounding Norway (Throndsen et al. 2003).
P. subviridis has been detected at Haltenbanken, but not in
water masses close to the coast (Throndsen et al. 2003).
The four haptophytes that may contain gyroxanthin-diester
are found both in coastal waters and in the open ocean and
are thus possible sources. E. huxleyi is the most common of
these, and it may dominate blooms in coastal waters. It has
appeared over several years in huge concentrations in Skag-
errak, in the Norwegian coastal current and in the southern
Barents Sea region (Throndsen et al. 2003; Smyth et al. 2004;
Fig. 3 a HPLC chromatogram from Weld sample (station 11 (16 m))
containing gyroxanthin-diester (Peak 12). The Chl a peak in the Weld
sample has been matched in retention time with the Chl a peak in the
standard of Karlodinium veneWcum, and therefore all the pigment
peaks for the Weld sample appears 0.98 min earlier in the chromato-
gram. Each peak represents one pigment, the peak number with the
pigment in parentheses: 1 (Chl c3), 2 (Chl c2), 3 (But-fuco), 6 (Fuco-
xanthin), 7 (19hex-fuco/4khex-fuco), 8 (Diadinoxanthin), 10 (Allo-
xanthin), 11 (Diatoxanthin), 12 (gyroxanthin-diester), 13 (Chl b) and
14 (Chl a) b HPLC chromatogram from a culture of Karlodinium
veneWcum, gyroxanthin-diester (peak 12) has the retention time;
31 min. Each peak represents one pigment, the peak number with the
pigment in parentheses: 1 (Chl c3), 2 (Chl c2), 3 (But-fuco), 6 (Fuco-
xanthin), 7 (19hex-fuco/4khex-fuco), 8 (Diadinoxanthin), 9 (Zeaxan-
thin), 12 (gyroxanthin-diester), 14 (Chl a). c HPLC chromatogram
from a culture of Emiliania huxleyi with gyroxanthin-diester (peak 12)
at the retention time; 29 min. The Chl a peak in the Weld sample has
been matched in retention time with the Chl a peak in the standard of
Karlodinium veneWcum, and therefore all the pigment peaks for the
Emiliania huxleyi culture appear 1.8 min later in the chromatogram.
Each peak represents one pigment, the peak number with the pigment
in parentheses: 1 (Chl c3), 2 (Chl c2) 3 (But-fuco), 6 (Fucoxanthin), 7
(19hex-fuco/4khex-fuco), 8 (Diadinoxanthin), 11 (Diatoxanthin), 14
(Chl a). When growing E. huxleyi under diVerent growth conditions
and corresponding physiological status, the pigment ratios may diVer
signiWcantly. The chromatogram shown is from a stock culture in
stationary growth phase and with untypical large amounts of gyroxan-
thin-diester. d Absorbance spectra of gyroxanthin-diester standard
(K. veneWcum as source) compared with detected gyroxanthin-diester
(average of 6 parallels, SD was 0.35 at 446 nm) from station 11123
Polar Biol (2011) 34:627–635 633Naustvoll and Hansen 2006; Hovland 2007; Johnsen et al.
2009). The xanthophyll composition in E. huxleyi includes
19-hexanoyloxyfucoxanthin (Hex-fuco), which was
detected in water samples from stations 11 and 12 (Table 2,
Zapata 2005). The sea surface temperature (SST) image
(Fig. 1) shows the inXuence of warm AW just oV the coast
of West Spitsbergen, the same area where gyroxanthin-
diester was detected at station 11. The calcite image
(Fig. 6) shows concentrations up to 0.001 mol calcite m¡3
associated with AW in the same area as stations 11 and 12,
suggesting the presence of E. huxleyi. The source of this
calcite could be the coccolith waters occurring in the south-
ern Barents Sea where a calcite concentration of
>0.005 mol m¡3 is typical for this area and season in recent
years (Fig. 6, Smyth et al. 2004). In accordance with
Hegseth and Sundfjord (2008), who found living specimens of
E. huxleyi north-east of Svalbard, LM from stations 11 and
12 indicated the presence of E. huxleyi and corresponded
with the presence of gyroxanthin-diester and Chl c3. E. hux-
leyi is thus the most likely source when gyroxanthin-diester
and Chl c3 are detected in these waters and can possibly be
used to conWrm the presence of living specimens of this
species in the high Arctic. This would be of interest for
remote sensing applications tracing diVerent pigment
groups of phytoplankton by means of the next generation of
hyperspectral remote sensing of ocean colour. Also, by ver-
ifying satellite data with in situ sampling and pigment
investigation, existing satellite algorithms can be reWned.
E. huxleyi blooms are known for having potentially a great
impact on the carbon Xux, from the ocean–atmosphere
interface all the way down to the sea Xoor. Improved
pigment-speciWc remote sensing data on the extent and
Fig. 4 a Chromatogram from HPLC of Weld sample (station 11
(16 m)) containing prasinoxanthin and Micromonas pusilla. The Chl
a peak in the Weld sample has been matched in retention time with the
Chl a peak in the standard of Micromonas pusilla, and therefore all the
pigment peaks for the Weld sample appear 2.65 min earlier in the chro-
matogram. Each peak represents one pigment, the peak number with
the pigment in parentheses: 15 (MgDvP), 2 (Chl c2), 16 (Prasinoxan-
thin -like), 17 (Neoxanthin), 18 (Prasinoxanthin), 19 (Violaxanthin),
16 (Prasinoxanthi -like), 13 (Chl b), 14 (Chl a). b Absorbance spectra
of prasinoxanthin standard (M. pusilla as source) compared with
detected prasinoxanthin from station 10 (24 m)
Fig. 5 a Distribution of total Chl c and Chl b (g/l) of Chromophyta
(Sum of: Chl c1+ c2 + c3) and Chlorophyta (Chl b) in surface samples
from Atlantic water (AW) and Arctic water (ArW). b Distribution of
total Chl c and Chl b (g/l) of Chromophyta (Sum of: Chl c1+ c2 + c3
and Chlorophyta (Chl b) in samples at Chl a max depth from AW and
ArW123
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needed foundation to estimate their carbon Xux impact.
In order to conWrm that E. huxleyi is a possible producer of
gyroxanthin-diester, we reinvestigated older HPLC data from
laboratory cultures of E. huxleyi. Gyroxanthin-diester had
been detected in several of the old data; mostly in small con-
centrations, but in some samples signiWcant concentrations
were found (Fig. 3c). In a trial to recreate the result with high
concentrations, cultures of E. huxleyi were grown under
diVerent light, nutrient and temperature conditions and sam-
pled from early exponential to the decaying phase. After ana-
lysing with HPLC, gyroxanthin-diester was not found in
these laboratory cultures. We do not suspect the cloned cul-
tures from the older data to have been contaminated, as they
are routinely checked. Over several years and thousands of
generations in the laboratory, they may however have
mutated several times, modifying the characteristics of the
originally harvested cells. This might be one reason why we
were not able to recreate the high concentration of gyroxan-
thin-diester as well as the possibility that we were not able to
reconstruct the right environmental condition.
Pigment ratios in chlorophytes and chromophytes
In addition to Chl a, twelve light-harvesting pigments
(LHC and Chls) were present in the Weld samples (Table 2).
The ratio (w:w) of [Chl b]: [Chl a] for all the 12 sampling
stations had a mean value of 0.28, indicating that a signiWcant
amount of phytoplankton biomass present was chlorophytes
(PG 6–9, Table 3). Typically, in prasinophytes, the Chl b to
Chl a ratio ranges from 0.39 in low light (LL) to 0.69 in
high light (HL) (G. Johnsen unpublished). The AW Station
2 (Chl a max) and 4 (Chl a max) had especially high ratios
of chlorophytes with Chl b to Chl a ratios of 0.92 and 0.53,
respectively. The [Chl c]: [Chl a] ratio had a mean value at
0.37 (Table 3) indicating chromophytes (PG 1–5 and 10–
12), but also here station 2 (Chl a max) had a high ratio
(1.18) compared to the other stations. The [LHC]: [Chl a]
had a mean value of 0.88 (Table 3), station 2 (Chl a max)
had a ratio of 3.33 indicating high amounts of other light-
harvesting pigments than Chl a. Finally, the [LHP]: [Chl a]
varied from 0.70–5.37 with a mean value at 1.50 and mean
CV of §8% (Table 3), meaning that the concentration of
light-harvesting pigments was 1.5 times higher than that of
Chl a.
Based on the results from this study, we conclude that
gyroxanthin-diester is potentially a new pigment marker for
E. huxleyi in the high Arctic, where few or no other gyro-
xanthin-diester containing species normally exist. Further
investigation is needed to conclude on this. Furthermore,
the water masses surrounding the Svalbard archipelago are
shown to have a diverse pool of phytoplankton classes.
Atlantic water is the most diverse, in which all 13 phyto-
plankton pigment groups were detected, while the pigment
markers for 7 phytoplankton groups were detected in Arctic
water. In particular, signiWcant amounts of Chl b-contain-
ing chlorophyceae, euglenophyceae and prasinophyceae I
and II were identiWed by pigment chemotaxonomy in this
study, indicating that the pigment group diversity of phyto-
plankton in the waters surrounding the Svalbard archipel-
ago has previously been underestimated.
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Fig. 6 Calcite concentration (monthly mean August 2005, mol m¡3)
map of stations 11 and 12 where gyroxanthin-diester was detected indi-
cating [coccoliths] from E. huxleyi and the water masses surrounding
the Svalbard archipelago. Stations 11 and 12 were situated in AW with
[Chl a] ranging between 1–4 mg Chl a m¡3. Traces of gyroxanthin-
diester (0.04–0.05 g m¡3) indicated that a small fraction of the bio-
mass was related to E. huxleyi. The polar front between stations 9 and
10 is an approximation, as is the stipulated ice edge north of Svalbard.
Data courtesy of white pixels contain no valid data, mostly due to
clouds and ice cover. Feldman GC, McClain CR, Ocean Color Web,
MODIS, NASA Goddard Space Flight Center. Eds. Kuring N, Bailey
S. W, Accessed 16 Oct 2008
Table 3 Mean value, mean standard deviation (SD) and mean coeY-
cient of variation (CV %) of [pigment] ratios
a All light-harvesting pigments other than Chl a
Ratio (W:W) Mean Value Mean SD Mean CV %
[Total pig]: [Chl a] 3.38 0.22 7
[Total pig]: [LHC] 3.55 0.21 6
[LHC]: [Chl a] 0.88 0.08 10
[Chl b]: [Chl a] 0.28 0.05 18
[Chl c]: [Chl a] 0.37 0.04 10
a[LHP]: [Chl a] 1.50 0.12 8123
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